In this chapter we shall review some basic mechanisms and discuss their consequences for spin correlations.
A. Quark-Quark Scattering
At first sight, the most obvious mechanism which can transfer large amounts of momentum between colliding hadron is the+scattering in impulse approximation. That is, one quark from one hadron scatters from another quark in another hadron, after which the quarks must share the transferred momentum with the other quarks in their respective hadrons if the hadrons are not to break up. It is easy to see that
where Fp(t) is the form factor and C -< 81 is a factor which counts the The cross section of the singlet quark-interchange amplitude has the characteristic form 7
where g (Aq+Cq) is the amplitude for q hadron scattering at the reduced kinematics (see Fig. 1 ).
For pp+pp scattering we take
which has the correct power dependence predicted by QCD, and corresponds
where C counts the number of coherent diagrams, spin states etc. Although the amplitude is reduced by l/3 for color, there are an enormous number of distinct coherent QCD diagrams which contribute to the quark-interchange amplitude (see Fig. 2 As shown in Section IV, the amplitudes for quark-interchange can be readily calculated in terms of their spin and isospin properties (see Table I 
where P(z) is given by Eq. (3.19) and we shall take Q(z) = Q(-z) = where F = P(-z). The triple u exchange or quark interchange contributions alone each give (at 90') Ann = l/3 and ALR = -l/3, but together they can interfere to produce a striking polarization correlation (see Fig. 3 ). The relative magnitude of P/Q = 4.11 at s = 23.9
GeV2, ecrn = 90' was chosen to give Ann = .69, rnn = 5.45. The corresponding prediction for ARR is also given in Fig. 3 shows maxima a factor of 2-3 about the minima is shown in Fig. 5 . One minimum is at s = 19 GeV2 and the following maximum is at s = 26 GeV2.
The experiment' which prompted this investigation is at s = 23.8 GeV2.
We might guess that the peak of the oscillation is connected to the same interfering process which gives the large asymmetry. Then the asymmetry will rise further with a small increase in energy; the results of asymmetry measurements at plab = 12.75 GeV/c (s = 25.7 GeV2) will be quite interesting.
The Constituent Interchange Model and H-Spin
We have concluded that quark exchange, or quark interchange, is the dominant process for nucleon-nucleon elastic scattering at high energies and large angles.
In this section, we will draw out the predictions of this model for the scattering of polarized nucleons. Figure 4 gives a picture of the process, with the momenta and helicities labelled.
There are two ways that we shall obtain our results. For proton-proton scattering, one must add the amplitude obtained when (PC 9 Xc) and (p, , Ad) are interchanged in Fig. 4 , and after so doing we have given the result in Table I .
Let us also consider explicitly the case where on proton has positive and one proton has negative helicity; Aa,Xb = +,-. Since the quarks cannot flip their helicity the remaining two independent amplitudes, M(-+,+t) and M(--,+t) are both zero.
Having gained experience with the protons, the case of np elastic scattering is straightforward, with the results given in Table I .
B. H-Spin
In certain scattering problems it is convenient to generalize the concept of helicity to include a full STJ(.2) group with helicity flip operators in addition to the conventional helicity. We call this SU (2) algebra H-spin, and we define it as follows: the z-component or longitudinal component of H-spin for a particle is its helicity. l+ = HR = yy.6 (4.7a) and similarly,
The results given above in terms of the number operators depend only on being able to factor the spin-isospin wavefunction of the nucleon from _.. the color and space wavefunctions, while the numerical results depend on the specific form of the wavefunction given earlier.
We might remark that the scattering operator can be recast into a form where the matrices operate directly on the nucleons rather than on the quarks as in Eq. The above formula is valid at all angles, and shows that if the underlying process is helicity conserving, then the analyzing power is always zero. 
